. Average value and absolute standard deviation of the elemental composition determined by XRD calculated from 20 samples of the size ranges 0.5-1, 1-2, 2-5, and 5-10 mm. The elemental composition of the size range 0.1-0-2 mm was determined by ICP-OES and is taken from Figure S1 . Differential mercury intrusion over log10 of the pore diameter dp determined via Hg-porosimetry for the solid product of Exp1-Exp3. 
Hydrogen balance to account for iron formation during tubular reactor experiments
The hydrogen balance for the tubular reactor setup can be calculated with Equation S-1. The amounts leaving the reactor during Δt are calculated according to Equation S-2.
∆ H2,P − ∆ H2,F = · ∆ · n −1 · ( H2,P N2,F N2,P − H2,F ) (S1)
For an entering flow with 90 %vol. hydrogen this balance is very sensitive to the value of the nitrogen concentration, whereas the error in the carbon balance is acceptable. This shall be demonstrated on the basis of the experimental data of Exp3 (Table S -5) . The concentration of nitrogen in the reactor feed gas and the product gas is determined with Equation S-3. For Exp3, the concentration of nitrogen in the feed was determined to equal 9.9 %vol., hydrogen was at 90.1 %vol. in the feed, and the total feed flow rate was at 503 cm³STP min 
The detection error of the gas analyzer is ±0.1 %vol. Thus, the nitrogen concentration in the inlet could vary at least between 9.9±0.1 %vol. If cN2,F = 9.9 %vol. is taken as the reference case, the total H2 balance has a relative variation of ±7.7%, whereas the produced amounts of CO, CO2, and CH4 only vary with ±1% compared to the reference case. Figure S2 . Position of the ICM bed [4] for an initial mass of 60 g (left) and 104 g (right). The mean value of the apparent density for the size fractions 0.5-1 mm and 5-10 mm was used to calculate the height of the bed. 
